Hypothesis: There is a marked variation in the outcome of patients with hepatocellular carcinoma with respect to race and ethnicity. Rates among African American and Hispanic individuals are elevated as compared with those among white individuals.
H
EPATOCELLULAR CARCInoma (HCC) is the fifth most common cancer in the world and accounts for approximately half a million deaths worldwide per year. 1 Despite its overall high prevalence, the geographic distribution of HCC cases varies widely, with rates of 30 per 100000 men reported in high-risk regions, such as sub-Saharan Africa and Southeast Asia, to less than 2 per 100000 in Northern Europe and the United States. 2 Although more frequently diagnosed in the endemic regions than in the West, the incidence of HCC is increasing in the United States and in Europe. 3, 4 Given the increased prevalence of HCC in highrisk regions, it is not surprising that most large clinical studies have arisen from nonWestern medical centers. However, the etiologic factors for HCC are different in the East as compared with the West, 5 and conclusions based on these non-Western studies may not appropriately reflect the patients treated in Western medical centers.
While there is a documented rise in the incidence of HCC in the United States, this increase is not uniform throughout the population. There is a marked variation in the incidence of HCC with respect to race and ethnicity, with rates among African American and Hispanic individuals being elevated as compared with those among white individuals. 6, 7 Importantly, discrepancies in overall cancer survival rates among white individuals and minorities in the United States have been reported, and this difference in survival rates has been attributed to a variety of factors, including disparities in treatment, rates of death due to other causes, and/or biological behavior of the cancer itself. [8] [9] [10] The purpose of this study was to evaluate the difference in survival of African American and Hispanic patients diagnosed as having HCC as compared with that of white patients treated at the same institution. We found that patient race was an independent predictor of survival by multivariate analysis, and despite no statistical differences in patient or tumor characteristics, the overall survival of African American and Hispanic patients was significantly lower than that of white patients.
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METHODS

STUDY POPULATION
A review of a prospective database for gastrointestinal malignancies at University Hospital (Newark, NJ) between July 1997 and June 2003 identified 264 patients diagnosed as having HCC. Demographic information, clinical staging, and other defining factors, including the absence or presence of hepatitis, cirrhosis, and alcohol abuse, were analyzed by patient interviews and review of the medical record. Standard laboratory data were also quantitated. Tumor staging was carried out using the criteria set forth by the American Joint Committee on Cancer Cancer Staging Manual.
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STATISTICAL ANALYSIS
Continuous variables were presented as median (range). All demographic data, laboratory values, and pathologic data were analyzed for significance of their ability to predict survival by univariate and multivariate analysis. P values were calculated using either 2 test or Fisher exact test where appropriate. A P value greater than .05 was considered to be significant. Values found to be significant by univariate analysis were further analyzed by multiple regression analysis using the SPSS statistical program (SPSS Inc, Chicago, Ill). Survival was also analyzed by the Kaplan-Meier method, and curves were compared using the Cox-Mantel log-rank test.
RESULTS
ANALYSIS OF ENTIRE PATIENT POPULATION
During the 6-year study period, 264 patients with a diagnosis of HCC were identified (men, n = 209; women, n=55), with a median age of 59 years (range, 25-92 years). Of the 264 patients, 61% were white, 13% Hispanic, 18% African American, and 8% other (Figure 1) . The overall 5-year survival of the entire patient population was 38% (median survival, 16.6 months) (Figure 2 ) with a median follow-up of 10 months (range, 1-63 months). Table 1 summarizes the factors predicting survival, with patient race, pretreatment serum ␣-fetoprotein (AFP) levels, and palliative vs curative therapy as independent predictors of survival by multivariate analysis.
Of the 264 patients, 12 patients were identified as being of Asian descent and 8 patients as having other racial or ethnic backgrounds. Based on the finding that race was an independent predictor of survival, these 20 patients were excluded from the subsequent analysis comparing African American/Hispanic patients (n=83) with white patients (n = 161).
COMPARISON OF RACIAL GROUPS
The risk factors for cirrhosis are summarized in Table 2 , with 144 (59%) of all patients having hepatitis B and/or C while 36% of patients had abused alcohol. Hepatic parenchymal function was assessed by the Child-TurcottePugh class system, and of those patients with documented cirrhosis, 18% were diagnosed as having class A, 27% class B, and 22% class C. Tumor size and staging of disease are summarized in Table 3 . Most patients were diagnosed as having a single lesion (n=145). The median size of the tumors in this cohort was 4 cm (range, 1-16 cm). There was no difference in the distribution of patient or tumor factors between African American/ Hispanic patients and white patients. Distribution of AFP levels was evaluated based on race. White patients had a higher percentage of AFP levels less than 10 ng/mL, whereas African American/Hispanic patients had a higher percentage of AFP levels greater than 3000 ng/mL (Figure 3 ).
TREATMENT CHARACTERISTICS
Treatment of patients was divided into surgical (eg, resection or transplant), nonsurgical intervention, and palliative care. Seventy-four patients were not appropriate candidates for any of the offered treatments and were treated symptomatically. One hundred two patients underwent nonsurgical interventions, which included arterial embolization (n=85), ethanol injection (n=6), and radiofrequency ablation (n=53). Most patients underwent multiple sessions of nonsurgical interventions, often using multiple modalities. The total number of surgical patients was 68, with 20 of those patients undergoing resection and 48 receiving orthotopic liver transplantation. The distribution of the individual therapies between African American/Hispanic patients and white patients was equivalent, with the exception of 24% of white patients undergoing orthotopic liver transplantation as compared with only 12% of African American/Hispanic patients (Figure 4) (P=.05).
SURVIVAL DATA
The 5-year overall survival rate for white patients was 50% (median survival, not reached), as compared with 12% for the African American/Hispanic group (median sur- (Figure 5 ). Based on our finding that more white patients underwent transplantation as compared with African American/Hispanic patients in this series, the survival analysis was repeated excluding patients who underwent transplantation, and the significant difference in survival between white patients (n=123) and African American/Hispanic patients (n=73) was maintained (P=.05) (Figure 6 ).
Survival by therapy was next evaluated and is represented in Table 4 . There was no difference in outcome of patients undergoing supportive care, resection, or transplantation. There was, however, a trend in outcome between African American/Hispanic patients (5-year survival, 0%; median survival, 9.2 months) and white patients (5-year survival, 35%; median survival, 11.6 months) in the group undergoing nonsurgical interventions (P=.06). Overall survival was next calculated based on stage at initial examination. Patients were grouped as early stage (stages I or II) or late stage (stages IIIA-C or IV). There was a significant difference in 5-year survival between African American/Hispanic patients (29%; median survival, 16.9 months) and white patients (70%; median survival, not reached; P = .01) in the early-stage group. No differences in survival were detected in patients with latestage disease (Figure 7) .
COMMENT
While the incidence of HCC in the United States continues to increase, 3 there is a marked variation with respect to race and ethnicity. 6, 12 Shea et al 6 report that while the incidence of HCC in Florida was comparable with that in the rest of the United States, the age-adjusted rate for HCC in African American and Hispanic patients was nearly twice that of white patients. Similar differences in the rate of HCC between African American patients and white patients have also been observed in New Jersey (data not shown). In addition to differences in incidence, ethnicity may also predict outcome in patients with HCC. Chin et al 13 compared the outcomes of Asian patients and those of other races diagnosed as having HCC at a Western institution. They reported that ethnic status was an independent predictor of outcome, with patients of other races having a better survival rate as compared with that of Asian patients. On the basis of these data and the fact that Asian patients contributed only 5% to our series, we elected to exclude patients who were not white, African American, or Hispanic from the analysis to avoid confounding variables.
We observed that while African American and Hispanic patients had a similar survival rate, this was significantly inferior to that of white patients diagnosed at 1 institution during the same period. This discrepancy in survival based on race has been documented in other tumor sites. Bach et al 9 reviewed the literature and analyzed 189877 white patients and 32004 black patients with 14 different cancers. Compared with white patients, black patients had an overall and cancer-specific excess risk of death. In addition, of the 14 different cancer sites, black patients were at a significantly higher risk of death from breast, uterine, and bladder cancers. This difference in survival rate in minority populations has been attributed to a variety of factors, including disparities in early diagnosis and treatment, additional comorbidities, and/or the biological behavior of the cancer itself. Interestingly, in many series, the differences in survival persist even after adjustments for both clinical and socioeconomic characteristics. [14] [15] [16] In terms of access to treatment as a factor contributing to the discrepancy in survival in our series, there was no difference in the distribution of treatment between the 2 groups, with the exception that 24% of white patients underwent orthotopic liver transplantation as compared with only 12% of African American/Hispanic patients. The reason for this discrepancy is unclear and may reflect comorbid and/or social issues not identified by this study, as well as issues relating to limited access to medical therapy in minority groups. When survival analysis was repeated excluding all patients who underwent transplantation, the significant difference in overall survival between white patients and African American/Hispanic patients was maintained. Therefore, in addition to the discrepancy observed in hepatic transplantation, other factors may play a role in the differences in survival. Unfortunately, it was beyond the scope of this study to evaluate comorbid conditions or financial and social factors relating to health care access and treatment. However, the lack of difference in the distribution of tumor stage or size at initial examination among racial groups may indirectly support the hypothesis that access to medical care was not a major factor in the survival differences noted.
In addition to differences in comorbid disease and socioeconomic issues, a third possible factor contributing to the observed differences in outcome may be based on tumor biological features or the host genetic defense mechanisms. Supporting this concept is the fact that despite similar distribution of tumor stage between white patients and African American/Hispanic patients (Table 2) , a significant difference in survival was noted between the 2 groups with early-stage disease. Perhaps this suggests that in stage I and II disease, when survival can be affected by treatment, tumors in African American/Hispanic patients are more aggressive or there is some inability of the host to tolerate the tumor burden. In terms of host response, it has been suggested that African American and Hispanic individuals may have an increased susceptibility to hepatocellular injury. 17, 18 We also noted that AFP levels were significantly higher in African American/Hispanic patients as compared with those in white patients. ␣-Fetoprotein levels have been noted to be independent prognostic factors for patients with HCC and may represent a marker for tumor biological characteristics. 19 In summary, this study demonstrates a significant discrepancy in overall survival of African American/Hispanic patients as compared with that of white patients, even when discrepancies in transplantation rates are considered. The reason for this difference cannot be explained by patient or tumor characteristics or completely by treatment allocation. Additional studies are needed to clarify the socioeconomic, biological, and cultural determinants in this type of tumor. 
